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Executive Summary

This report is the first greenhouse gas emissions inventory developed for the
State of Michigan. Activities generating greenhouse gas emissions are
compared to establish an emissions baseline and reveal trends across
economic sectors within the state. The inventory highlights major sources of
emissions by sector and by greenhouse gas for 1990 and 2002.

Global climate change is said to be the greatest forthcoming human-
environmental problem of the 21* Century. Greenhouse gas emissions
resulting from anthropogenic activities over the past two centuries have led to
an accelerating build-up of heat-trapping gases in the atmosphere. With
greater heat energy in the atmosphere, dramatic changes are likely in the
coming decades concerning the earth’s global climate, sea level and sea ice,
and the ocean thermohaline system. According to the leading international
consortium of climate scientists, the Intergovernmental Panel on Climate
Change (IPCC), “We have clear evidence that human activities have affected
concentrations, distributions and life cycles of these gases.”' Expected
climate changes in Michigan over the next century will likely show warmer
average temperatures with longer periods of drought, most notably during the
summer. The growing season is likely to extend by as much as ten weeks. Of
significant cultural and economic concern to Michigan are the Great Lakes. It
1s estimated that the water levels of the Lakes will continue to decline, which
could potentially be very costly to Michigan’s fishing, tourism, and shipping
industries.”

The United States is the world’s largest emitter of greenhouse gases,
responsible for nearly one-quarter of all greenhouse gas emissions worldwide.
Absent federal leadership on confronting global climate change, the task of
reducing greenhouse gas emissions in the United States is left to individual
states. A greenhouse gas inventory for Michigan is a necessary first step for
the state in developing a meaningful plan to address global climate change.

" IPCC (2001) Climate Change 2001: A Scientific Basis, Intergovernmental Panel on Climate Change,
Organization for Economic Cooperation and Development, International Energy Agency. Houghton, et al.
Cambridge University Press. Cambridge, U.K. Retrieved from:
http://iwww.ipcc.ch/present/graphics/2001syr/large/05.16.jpg

2 National Research Council (2001) Climate Change Science: An Analysis of Some Key Questions. Washington,
D.C., National Academy Press. Retrieved from
http://yosemite.epa.gov/oar/globalwarming.nsf/UniqueKeylLookup/SHSU5BUTQ4/$File/nas_ccsci_01.pdf
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Methodology

This inventory report provides estimates of anthropogenic greenhouse gas
emission sources and sinks in the State of Michigan in the years 1990 and
2002. It considers the most important anthropogenic greenhouse gases, which
include carbon dioxide (CO,), methane (CHy), nitrous oxide (N,O), sulfur
hexafluoride (SFs), perfluorocarbons (PFCs), and hydrofluorocarbons (HFCs).
These gases have a wide range of relative radiative forcing effects® once they
are emitted to the earth’s atmosphere. Using CO; as the standard unit, the
other greenhouse gases measured in this inventory have relative radiative
forcing coefficients ranging from twenty-one for CHy4 to over three hundred
for N,O to as high as twenty-four thousand for SF¢ when compared to an
equivalent amount of carbon dioxide. For accounting purposes, all gases were
converted to the common metric known as the carbon equivalent.

Data were acquired in accordance with methodologies outlined by the U.S.
EPA’s State and Local Capacity Building Branch and the Emission Inventory
Improvement Program (EIIP). The inventory research team employed the use
of a Microsoft Excel spreadsheet-based emissions calculation tool, the State
Greenhouse Gas Inventory Tool (SIT),* as a means to organize collected data
and thoroughly check the accuracy of the data. The SIT is divided into ten
source-specific modules and includes a “synthesis module”, which is used to
compile emissions estimates from the individual modules.

The State of Michigan Greenhouse Gas Inventory report is organized around
the basic format identified by the IPCC.” This framework groups source and
sink categories into the following five sectors:

e Energy (Chapter 3): Total emissions from stationary and mobile
energy activities.

e Industrial Processes (Chapter 4): Emissions from industrial
processes, which are not associated with fuel combustion for energy.

e Agriculture (Chapter 5): Emissions from agricultural activities.

e Land-Use Change (Chapter 6): Emissions and sequestration of CO,
resulting from land-use change, excluding forestry (addressed in
Appendix I).

e Waste (Chapter 7): Emissions from solid waste and wastewater
management activities.

® Radiative forcing can be thought of as ‘heat-trapping ability’ of a particular greenhouse gas.

4 U.S. EPA, ICF Consulting (2004) State Greenhouse Gas Inventory Tool (8/3/2004 Version) [Computer software].
Washington, DC: U.S. EPA State and Local Climate Change Program

® IPCC (1997) Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories: Reporting Instructions.
Intergovernmental Panel on Climate Change, Organization for Economic Cooperation and Development,
International Energy Agency.
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Key Limitations

The majority of emissions calculations relied on a combination of data
specific to Michigan and data approximated from national data and trends.
Key assumptions are defined in the report text and discussed in further detail
in the Appendices. The accuracy of future greenhouse gas inventories could
be improved by developing Michigan-specific data sources instead of relying
on national data and trends.

Since 1999, Michigan has imported roughly 10 percent of the electricity it
consumes annually. It was not possible to calculate with certainty the
emissions from imported electricity for 2002 because an accurate figure was
not yet available. An estimate was made, however, but was not included in the
baseline inventory due to its uncertainty.

Carbon sequestration by land use activities is included in this report;
however, forest activities were not included in the inventory results due to
large uncertainties. A discussion of this issue is provided in Appendix L.

Key Findings

Total Michigan greenhouse gas emissions amounted to 62.59 million metric
tons carbon equivalent (MMTCE) in 2002 (Table ES-1). This represented an
increase of 9.0 percent over the 1990 emissions baseline of 57.42 MMTCE.

The largest contributor to total emissions in 2002 and 1990 was the
electricity generation sector. Electricity generation accounted for 33 percent of
total emissions in 2002 and 1990 (Figure ES-1). The second largest
contributor for both years was the transportation sector. In 2002, industry
contributed 17 percent to total emissions, a slight decline from a 19 percent
contribution in 1990.

Michigan greenhouse gas emissions were dominated by CO; in both 2002
and 1990 (Figure ES-2). Emissions of high global warming potential gases
(SF¢, HFCs, and PFCs) were two percent of total emissions in 2002, an
increase from the 1990 value of 0.5 percent. The contribution of these gases is
expected to continuously increase in the coming decade.

ES3
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Table ES-1: Summary of Michigan Greenhouse Gas Emissions and Sinks
(excluding forestry) (MMTCE)

® This category represents CH, emissions from fuel combustion activities.

ES4



MICHIGAN GREENHOUSE GAS INVENTORY 1990 AND 2002
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Figure ES-1: Distribution of Michigan Greenhouse Gas Emissions by Economic

33%
Residential
10%
Commercial
11% Industry
19%
Agriculture
3%
Sector
N,O 1990 SFe, HFCs,
PFCs
4%
CH, ° 0.5%

9%

86%

2002 SFg, HFCs,
NzO PFCs
4% 2%
CH,
9%

CO,
87%

Figure ES-2: Distribution of Michigan Greenhouse Gas Emissions by Gas Type
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Michigan greenhouse gas emissions per capita increased from 6.17 MTCE
in 1990 to 6.23 MTCE in 2002. As a point of reference, the national average
was 6.57 MTCE per capita in 2002; however, this figure represents a more
comprehensive inventory of emissions that estimates on the state level (please
refer to Key Limitations).

Michigan greenhouse gas emissions intensity was nearly equal to the
national greenhouse gas emissions intensity of 0.19 kg carbon equivalent per
dollar gross state product in 2002. Overall, Michigan emissions intensity has
decreased 24.5 percent from 1990 to 2002. In 1990 the emissions intensity of
Michigan was 0.24 kg carbon equivalent per dollar gross state product.

Michigan greenhouse gas emissions accounted for 3.3 percent of total U.S.
greenhouse gas emissions in 2002 and 3.4 percent of total U.S. greenhouse
gas emissions in 1990.

This inventory was developed as a resource for government, the public, and
businesses in the state to assist in developing policies and implementing
strategies to reduce greenhouse gas emissions. Our results show that
Michigan had a 9.0 percent increase in greenhouse gas emissions between
1990 and 2002 (Table ES-1). Understanding the differences in emissions
between these two years is complex due to simultaneous changes in economic
activity and the technology mix that affects carbon intensity. A major portion
of this report disaggregates emissions into economic-delineated categories to
allow for more in-depth analysis of emission trends over this twelve-year
period.

Table ES-1 shows that emissions of CO, from fossil fuel combustion
dominated all other categories, responsible for over 85 percent of the state’s
total. Within the category of CO, emissions from fossil fuel combustion,
electricity production made up the largest percentage for both 1990 and 2002.
Mobile combustion of fossil fuels made up the largest absolute gain in
emissions over this period. The growing prevalence of lower fuel-efficient
vehicles such as sport-utility vehicles and light-duty trucks along with an
increasing rate of vehicle miles traveled per capita likely explains much of the
rise in emissions from mobile combustion. Industry showed the largest
absolute decline in emissions, which likely reflects energy efficiency and
carbon intensity improvements in some industries.

The category that exhibited the largest percentage gain in emissions was from

industrial manufacture of substitute chemicals of Ozone Depleting Substances
(ODS). Even though emissions from industrial output accounted for less than

ES 6
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two percent of the state’s total emissions, these ODS substitutes have very
high individual global warming potentials. Unless a set of non-ODS
substitutes are found with benign global warming potentials, then it is
expected that emissions from ODS substitutes will continue to rise.

CH4 emissions from landfill solid waste was the highest non-CO,, non-fossil
fuel based emission category. Despite a 40 percent increase in landfill waste
from 1990 to 2002, the emissions of CH4 from Michigan solid waste actually
showed a slight decrease over this time period. Viewed as a win-win action
toward mitigating Michigan solid waste emissions, the increase in landfill gas
flaring and landfill gas-to-energy projects (recognized as a source of green
power) have proven to be an economically profitable method to reduce the
environmental burden associated with the release of landfill CHa.

Land use activities and forestry practices also have significant potential as an
offset of carbon emissions in the state. Results from the forestry sector were
not included in this inventory due to uncertainty surrounding accounting
methods and estimates of carbon sequestration rates by forestry activities.

Despite the lack of national policy to address greenhouse gas emissions and
climate change to this point, state and local governments have stepped up
efforts to take action to reduce emissions. It is important to consider that most
climate scientists think that the emissions reductions called for by the Kyoto
Protocol will not be enough to prevent a significant rise in global temperature.
The Protocol calls for a reduction of 7 percent reduction of U.S. greenhouse
gas emissions by 2012, yet climate models show that a 50 percent reduction in
global emissions by the middle of the next decade is required in order to
stabilize global climate warming by 2100.” Results from this report should
foster the logical next step to formulate a state-level greenhouse gas reduction
plan. As of May 2004, 29 states had developed State Action Plans
specifically targeting greenhouse gas emissions reductions.® Such a plan
could simultaneously move Michigan toward a cleaner, more secure energy
infrastructure and contribute towards mitigating greenhouse gas emissions on
a global scale. Additionally, a strong economic argument can be made for the
state to confront greenhouse gas emissions today as a hedge against the
likelihood of future national and international policies that could impact some
of Michigan’s most vital industries.

"IPCC (1997) Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories: Reporting Instructions.
Intergovernmental Panel on Climate Change, Organization for Economic Cooperation and Development,
International Energy Agency.

8 U.S. EPA (2004) State Greenhouse Gas Inventories. Retrieved Jan. 2005 from
http://yosemite.epa.gov/OAR/globalwarming.nsf/content/EmissionsStateGHGInventories.html
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1. Introduction

This inventory report provides estimates of anthropogenic greenhouse gas
emission sources and sinks in the State of Michigan from the years 1990 and
2002. The inventory was conducted in accordance with methods and
reporting standards established by the U.S. Environmental Protection Agency.
The U.S. EPA has adopted the guidelines set forth by the internationally
recognized Intergovernmental Panel on Climate Change (IPCC) Revised 1996
IPCC Guidelines for National Greenhouse Gas Inventories, as well as the
Good Practice Guidance and Uncertainty Management in National
Greenhouse Gas Inventories.

State of Michigan greenhouse gas emissions estimates are reported in the
following ways:

Statewide: Estimates of total emissions for the entire State of Michigan

IPCC-Delineated Sectors: Emission estimates from five sectors —
energy, industrial processes, agriculture, forestry, and waste. Each of
these sectors is further categorized into smaller source categories that
served as organizing units for data collection purposes.

Economic-Delineated Sectors: Emissions estimates categorized by
electricity generation, agriculture, commercial, industry, residential,
transportation, and land-use change and forestry.

By Greenhouse Gas Type: Six major greenhouse gas emissions are
required by the 1992 United Nations Framework on Climate Change
(NFCCC) Agreement to be included in national emissions inventories:
carbon dioxide (CO,), methane (CHy4), nitrous oxide (N,0),
perfluorocarbons (PFCs), hydrofluorocarbons (HFCs), and sulfur
hexafluoride (SFj).

Temporal Scale: The report presents emission estimates from 1990 and
2002.
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1.1 Global Climate Change and the Role of Greenhouse Gases

According to the National Academy of Sciences, climate can be described as:

...the average state of the atmosphere and the
underlying land or water, on time scales of seasons or
longer. Climate is typically described by the statistics
of a set of atmospheric and surface variables such as
temperature, precipitation, wind, humidity, cloudiness,
soil moisture, sea surface temperature, and the
concentration and thickness of sea ice.'

Naturally occurring greenhouse gases include water vapor, CO,, CHy, and
N,O. Excluding water vapor, the combined greenhouse gases make up less
than one percent of the chemical composition of the Earth’s atmosphere.
These gases are vital for life systems on Earth because they absorb and re-
emit the infrared radiation (felt as heat) that the Earth emits as a result of
radiative heating by the sun. Without greenhouse gases in the atmosphere, the
Earth’s temperatures during nighttime hours would drop below a level that
would allow for survival of terrestrial life* (Figure 1-1).

The Greenhouse Effect

Some solar radiation is Some of the infrared
reflected by the Earth and radiation passes through
the atmosphere. the atmosphere and some

is absorbed and re-emitted
in all directions by green-

Solar radiation house gas molecules. The
passes through effect of this is to warm
the clear the Earth's surface and the
atmosphere. lower atmosphere.

Figure 1-1: Radiation and heat flows of the greenhouse gas effect. 3



MICHIGAN GREENHOUSE GAS INVENTORY 1990 AND 2002 1-INTRODUCTION

The current problem involving global climate change and greenhouse gases
can be described as the “enhanced greenhouse gas effect” where due to the
increased concentrations of CO,, N,O, CHy, and other greenhouse gases, more
heat is retained in the atmosphere. With greater heat energy in the
atmosphere, dramatic changes are likely in the coming decades concerning the
earth’s global climate and oceanic circulation system. According to the IPCC,
“we have clear evidence that human activities have affected concentrations,
distributions and life cycles of these gases™.* Figure 1-2 links CO,
concentration in the atmosphere to projected changes in global average
temperature and sea level rise along with corresponding time horizons
involved with each event. Despite potentially long feedback times of global
temperature and sea level rise, the magnitude of these environmental
responses at a planetary scale will likely be enormous.

CO, concentration, temperature, and sea level
continue to rise long after emissions are reduced

Nagaiudeoliceponte Time taken to reach
equilibrium
. Sea-levelrise due to ice melting:
- : :
CO; emissions peak o several millennia
0 to 100 years T
it Sea-level rise due to thermal
b expansion:
= centuries to millennia
-
’f
td
td
”"’ i .
L Temperature stabilization:
= a few centuries
O""
Cd
il CO; stabilization:
P 100 to 300 years
""
S
f"”
Soert CO; emissions
1 1
Today 100 years 1,000 years

Figure 1-2: Future Time Horizons Associated with IPCC Projected Changes in
Climate Temperature, Sea-level Rise, and CO. Stabilization.>

Expected climate changes in Michigan over the next century will likely show
warmer average temperatures with longer periods of drought, most notably
during the summer. The growing season is likely to extend by as much as ten
weeks. Of significant cultural and economic concern to Michigan are the
Great Lakes. It is estimated that the water levels of the Lakes will continue to
decline, which could potentially be very costly to Michigan’s fishing, tourism,
and shipping industries.’
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1.2 Greenhouse Gases Inventoried

For accounting purposes, all gases were converted to the common metric
known as the carbon equivalent. The second column of Table 1-1, “100-year
GWP” shows the coefficient values used to convert non-CO, gases to a carbon
equivalent." This report uses the international metric scale and commonly
refers to carbon equivalents as million metric tons of carbon equivalent
(MMTCE).

For this report, the carbon equivalent weights factored into each type of
greenhouse gas were acquired from the IPCC Second Assessment Report
(SAR). In 2001, the IPCC released an updated version of carbon equivalent
weights in its Third Assessment Report (TAR) that adjusted for the radiative
forcing of a number of greenhouse gases including carbon dioxide, which was
lowered by twelve percent from SAR values. Using the SAR values is
consistent with the U.S. EPA greenhouse gas reporting measures.

Each of the gases listed below are accounted for in this report.

Carbon dioxide (CQO,): Atmospheric CO; is part of the global carbon cycle
and its concentration represents a steady state of dynamic flows that occur
from natural biogeochemical processes. Since the industrial revolution of the
19" Century, global concentration of carbon dioxide has increased from 280
parts per million (ppm) in pre-industrial times to 372.3 ppm in 2001,
representing a 33 percent increase. The IPCC has attributed this increase
almost entirely to anthropogenic emissions as a result of combustion of fossil
fuels and other sources including forest clearing, burning of biomass, and
production of cement.

Methane (CHy): Naturally occurring CH4 emissions to the atmosphere result
from the anaerobic decomposition of organic matter in biological systems.
Agricultural processes in Michigan that contribute to CH4 emissions include
enteric fermentation in domesticated animals, manure management,
decomposition of municipal solid wastes, fugitive emissions from natural gas
and petroleum production and distribution, and a small amount from
incomplete combustion of fossil fuels. IPCC estimates that over half the
amount of total current CHy in the atmosphere is from human activities. Pre-
industrial atmospheric concentration of CH4 was at 0.722 ppm and has
increased nearly 150 percent to 1.786 ppm.

'Referred to as the “global warming potential” (GWP), non-CO, gases are assigned a coefficient multiplier value to
reflect the differences in radiative forcing of each type of greenhouse gas over a 100-year period. Radiative forcing
refers to the magnitude of heat energy capture specific to each of the atmospheric greenhouse gases.
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Nitrous oxide (N,0): Nitrous oxide emissions from anthropogenic activities
in Michigan include agricultural soils (which encompasses production of
nitrogen-fixing crops and forages, the use of synthetic and manure fertilizers,
and manure deposition of livestock), fossil fuel combustion (namely mobile
combustion sources), wastewater treatment, waste combustion, and burning of
biomass. Atmospheric concentration of N,O has increased 17.8 percent from
0.27 ppm pre-industrial time to 0.318 ppm in 2002.

Halocarbons (HFCs), Perfluorocarbons (PFCs), and Sulfur hexafluoride
(SKFe): Each of these potent greenhouse gases is man-made and emitted
directly to the atmosphere from various anthropogenic activities chiefly from
industrial processes. HFCs are used to replace the ozone-depleting CFCs and
HCFCs phased out under the 1992 Montreal Protocol. PFCs and SFg
currently contribute only a small portion of the total greenhouse gases
emitted; however, the emissions growth rate of these compounds continues to
accelerate. These gases are emitted in Michigan through the substitution of
ozone depleting substances and through industrial processes that include
semiconductor manufacturing, electric power transmission and distribution,
and magnesium casting.

Table 1-1: Global Warming Potentials and Atmospheric Concentrations of
Inventoried Greenhouse Gases (SAR Equivalents).’

Atmospheric Percent
Gas 100-(\;(‘7\7; Concentration (ppm) Change
Pre-Industrial Current
CO, 1 280 372.3 33.0%
CH,4 21 0.722 1.786 147.4%
N,O 310 0.27 0.318 17.8%
HFC-23 11,700
HFC-32 650
HFC-125 2,800
HFC-134a 1,300
HFC-143a 3,800
HFC-152a 140
HFC-227ea 2,900
HFC-236fa 6,300
HFC-4310mee 1,300
CF, 6,500 40 80 100.0%
CaFs 9,200
C4F10 7,000
CeF14 7,400
SFe 23,900 0 4.75
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1.3 State-level Greenhouse Gas Inventories

In 1997 the international community assembled in Kyoto, Japan and formed
the Kyoto Protocol as a policy mechanism aimed at reducing projected
greenhouse gas emissions from developed nations. The international proposal
set a target goal for the U.S. to reduce national greenhouse gas emissions by 7
percent of 1990 levels by year 2012.* Despite the United States’ formal
participation during the Protocol’s negotiation and writing phase, in 2001 the
Bush Administration made the decision to nullify congressional consideration
regarding U.S. ratification of the Protocol by denying Congress the ability to
carry out a formal voting procedure on the matter. Despite the lack of
national policy confronting greenhouse gas emissions and climate change,
state and local governments have stepped up efforts to take action to reduce
emissions. As of May 2004, 29 states also have State Action Plans
specifically targeting greenhouse gas emissions reductions.’

To date, 40 states and Puerto Rico have completed greenhouse gas inventories
using the guidance and resources provided by the U.S. EPA (Figure 1-3).
(Note that West Virginia has since completed a state-level inventory in 2004).
State-level inventories identify major emissions sources and provide a
baseline for states to create greenhouse gas reduction action plans. Most
recent guidance for state-level inventory data collection and assessment
procedures can be referenced in Volume VIII of the Emission Inventory
Improvement Program (EIIP) Guidelines. This guidance served as the
framework from which this inventory was carried out.

Completed
Inventory

No
Inventory

Figure 1-3: U.S. States with and without greenhouse gas inventories completed
as of 2003.10
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1.4 Report Organization

The State of Michigan Greenhouse Gas Inventory report is organized around
the basic format identified by the IPCC."" This framework groups source and
sink categories into the following five sectors: energy, industrial processes,
agriculture, land-use change and forestry, and waste. The five IPCC sectors,
four of which correspond to chapters contained in the Michigan inventory, are
defined in Table 1-2.

It was decided that the methodology for calculating carbon sequestration from
forestry activities was fraught with an unacceptable magnitude of uncertainty.
For this reason, only “landfilled yard trimmings” were included in the main
body of this report under the “Land Use Change and Forestry” section.
Discussion of forestry carbon sequestration can be viewed in Appendix I.

Table 1-2: Description of IPCC Source/Sink Categories

IPCC Corresponding
Description of Sector Activities MI Inventory
Category
Report Chapter
Energy Total emissions of all GHGs resulting from Chapter 3

stationary and mobile energy activities (fuel
combustion as well as fugitive fuel

emissions).
Industrial By-product or fugitive emissions of Chapter 4
Processes greenhouse gases from industrial processes

not directly related to energy activities such
as fossil fuel combustion.

Agriculture Describes all anthropogenic emissions from Chapter 5
agricultural activities except fuel combustion
and sewage emissions, which are covered in
Energy and Waste, respectively.

Land Use Total emissions and removals of carbon Chapter 6

Change and  dioxide from land-use change activities

Forestry (excluding forestry).

Waste Total emissions from waste management Chapter 7
activities.

In addition to the chapters corresponding to four [IPCC categories, Chapter 2
addresses the calculation methodology used to develop the inventory and
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Chapter 7 contains inventory summary and conclusions. Lastly, the report
appendices include additional details on calculation methodology, as well as
the quality assurance/quality control plan and list of acronyms and chemical
formulas.
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2. Methodology

2.1 Emission Inventory Improvement Program

The State of Michigan’s greenhouse gas inventory employed a set of
methodologies outlined by the U.S. EPA’s State and Local Capacity Building
Branch and the Emission Inventory Improvement Program (EIIP). Known as
Volume VIII: Estimating Greenhouse Gas Emissions, the purpose of the
guidance document is to “present estimation techniques for greenhouse gas
(GHG) sources and sinks in a clear and unambiguous manner and to provide
concise calculations to aid in the preparation of emission inventories.”"?

The methodologies contained in the EIIP guidance were adapted from
Volumes 1-3 of the Revised 1996 IPCC Guidelines for National Greenhouse
gas Inventories, the IPPC Good Practice Guidance, and the Inventory of U.S.
Greenhouse Gas Emissions and Sinks: 1990 — 2000. Many of the
methodologies in the EIIP guidance document are consistent with IPCC
methodology and, where possible, default IPCC methodologies have been
expanded into more comprehensive, U.S.-specific methods. Where EIIP
methodologies do differ from the U.S. inventory and the IPCC, it is because
“the data needed to follow the U.S. or IPCC methods are unavailable at the
state level.”" In this inventory report, detailed descriptions of the calculation
methodologies used, as well as presentations of activity data and emissions
factors, are contained in the Appendices.

2.2 State Greenhouse Gas Inventory Tool

Accompanying the EIIP guidance document is a Microsoft Excel spreadsheet-
based emissions calculation tool, the State Greenhouse Gas Inventory Tool
(SIT)." Meant to improve the ease and accuracy of estimating state GHG
emissions, the SIT calculates annual emissions based on imbedded, default
data or user-imputed, state-specific data. Wherever possible, the GHG
emissions inventory for the State of Michigan attempted to maximize the use
of state-specific data.

The SIT is divided into ten source-specific modules and includes a “synthesis
module”, which is used to compile emissions estimates from the individual
modules. Since neither coal mining, nor rice cultivation activities occur in
Michigan, the Methane Emissions from Coal Mining and Methane Emissions
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from Rice Cultivation SIT modules were not utilized. Lastly, the SIT does not
address GHG emissions from the iron and steel industry. It was believed that
emissions from this source would represent a significant portion of industry-
related emissions. Separate calculation methodologies were adapted from the
U.S. EPA and the IPCC.

2.3 Quality Assurance / Quality Control Procedures

Quality assurance (QA) activities are essential to the development of
comprehensive, high-quality emissions inventories of any purpose. The QA
program for the State of Michigan greenhouse gas inventory is comprised of
two components: quality control (QC) and external quality assurance. The
complete QA / QC plan is provided as Appendix A.

The first component is that of QC, which is “a system of routine technical
activities implemented by inventory development personnel to measure and
control the quality of the inventory as it is being developed.”" The QC system
is designed to:

* Provide routine and consistent checks and documentation points in the
inventory development process to verify data integrity, correctness,
and completeness;

= Identify and reduce errors and omissions;

= Maximize consistency within the inventory preparation and
documentation process; and

= Facilitate internal and external inventory review processes.'®

QC activities include technical reviews, accuracy checks, and the use of
approved standardized procedures for emission calculations. These activities
should be included in inventory development planning, data collection and
analysis, emission calculations, and reporting.

The second component of a QA program consists of external QA activities,
which include a planned system of review and audit procedures conducted by
personnel not actively involved in the inventory development process. The
key concept of this component is independent, objective review by a third
party to assess the effectiveness of the internal QC program and the quality of
the inventory, and to reduce or eliminate any inherent bias in the inventory
processes. In addition to promoting the objectives of the QC system, a
comprehensive QA review program provides the best available indication of
the inventory’s overall quality completeness, accuracy, precision,
representativeness, and comparability of data gathered.

For the purposes of this inventory, specific QC procedures were implemented
for the following project stages: data collection and handling; emission
calculations; and final report writing. The majority of these procedures
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address documentation and data verification practices. Of particular
importance to the project were documentation procedures. One of the major
goals of this project was that after completing the initial inventory, archived
documentation would be of sufficient detail to allow outside parties to fully
recreate the inventory.
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3.

Energy

Energy-related activities were the largest sources of the state’s anthropogenic
greenhouse gas emissions, accounting for more than 85 percent of total emissions
on a carbon equivalent basis in 1990 and 2002 (Table 3-1). This included more
than 95 percent of the state’s carbon dioxide (CO,), 22-27 percent of methane
(CHy) and 28-30 percent of nitrous oxide (N,O) emissions. Energy-related CO,
emissions alone constituted more than 80 percent of the state’s emissions from all
sources, while the non-CO, emissions from energy related activities represented a
much smaller portion of total state emissions (approximately three percent
collectively). Table 3-1 summarizes emissions from energy-related activities in
units of MMTCE. Overall emissions from these activities increased 7.9 percent
from 50.11 MMTCE in 1990 to 54.07 MMTCE in 2002.

Emissions from fossil fuel combustion comprised the vast majority of energy-
related emissions. As the Figure 3-1 shows, CO, was the primary gas emitted,
while CH4 and N,O accounted for less than five percent collectively of the total
greenhouse gas emissions from this source category. Due to the relative
importance of fossil fuel combustion-related CO, emissions, they are considered
separately from other energy-related emissions in Section 3.1. Fossil fuel
combustion also emits CH4 and N,O, which are to be addressed in Section 3.2 for
mobile combustion (emissions of these gases from the transportation sector) and
Section 3.4 for stationary combustion (those from all the other end-use sectors).
Energy-related activities other than fuel combustion, such as the production,
transmission, storage, and distribution of fossil fuels, also emit greenhouse gases.
These emissions consist primarily of fugitive CH4 from natural gas systems and
petroleum systems, which is to be discussed in Section 3.3, Natural Gas and Oil
Systems.
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Table 3-1: Greenhouse Gas Emissions from Energy in Michigan for 1990 and
2002 (MMTCE)!

' This summary table does not include emissions from waste combustion caused by energy-related activities,
which is included in Waste section in this inventory.
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Figure 3-1: Energy Emissions by Gas (Carbon-Equivalent Adjusted) in 2002

3.1 Carbon Dioxide Emissions from the Combustion of Fossil Fuels

Fossil fuel is combusted to heat residential and commercial buildings, to generate
electricity, to produce energy for industrial processes, and to power automobiles
and other non-road vehicles. CO, is emitted as a result of oxidization of the carbon
in the fuel from combustion. According to the EPA, other gases such as carbon
monoxide and non-methane volatile organic compounds, which are first emitted as
by-products of incomplete combustion, are eventually oxidized to CO, over
periods ranging from a few days to decades.!” For most greenhouse gas
inventories, all carbon emitted to the atmosphere in the form of gases mentioned
above is reported as CO, emissions. Those emitted as CHy4 is to be addressed in
Section 3.4: CH4 and N,O Emissions from Stationary Combustion.

The amount of CO, emitted from fossil fuel is a function of the type and amount
of fuel consumed, the carbon content of the fuel, and the fraction of the fuel that is
oxidized. Carbon contents vary across fossil fuel types. For example, coal contains
the highest amount of carbon per unit of energy (also referred to as ‘carbon
intensity’). For petroleum the amount of carbon per unit of energy (carbon
intensity) is about 75 percent of that for coal; for natural gas, it is about 55
percent.'® The fraction of oxidized fuel also varies for two main reasons. First, a
small fraction of the carbon remains unburned as soot or ash because of
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inefficiencies in combustion. Second, fossil fuels are also used for non-energy
purposes, primarily as a feedstock for such products as petrochemicals, plastics
fertilizer, lubricants, and asphalt. In some cases, as in fertilizer production, the
carbon from the fuels is oxidized immediately to CO,. In other cases, as in asphalt
production, the carbon is sequestered in the product for centuries.'’

Required Data

CO, emissions from fossil fuel combustion are influenced by the type and
amount of fuel consumed, the carbon content of the fuel, and the fraction of
the fuel that is oxidized. Therefore, less accuracy and precision in these
parameters increases uncertainty in the overall estimate of CO,. The EPA
indicates, however, that the uncertainties associated with carbon contents and
oxid%gion efficiencies are lower than those associated with fuel consumption
data.

To calculate CO, emissions from fossil fuel combustion for 1990, state-level
fuel consumption for five end-use categories (residential, commercial,
industrial, transportation and electric utilities) were collected from the
Department of Energy, Energy Information Administration (EIA)’s
consumption data.”' Due to the timing of the research for this project, no
comprehensive energy data for Michigan in 2002 had been compiled by EIA.
Therefore, the Annual Coal Report 2002°* and Annual Natural Gas Report
2002 *were referred to as data sources for coal and natural gas consumption
figures. For petroleum-based fuels and wood, the EIA’s historical
consumption data for 1990-2001 were used to estimate values for 2002.
Although we could obtain a very likely figure for 2002 CO; emission from the
estimation process, it should be corrected in a future research when more
accurate data are published by the EIA.

According to the EPA, there is more uncertainty within data on total fossil
fuel and other energy consumption at the state level, than those at the national
level, which are considered relatively accurate. In particular, “the allocation
of this consumption to individual end-use sectors (i.e., residential,
commercial, industrial, and transportation)” introduces more uncertainty at the
state level than at the national level.**

The absence of emission estimates from international bunker fuels may also
have some impacts on the emission estimation from this source category.
International inventory practices recommend that emissions from international
bunkers may be calculated and reported separately from the state’s total
emission by the state of origin, if state-level data are available. However, due
to practical difficulty in doing this calculation at the state level, this inventory
does not include a report on emissions from international bunker fuel, which
could overestimate or underestimate emissions of these fuels.”

In addition, we have not incorporated emissions from net electricity
import/export, which should be another contributor to uncertainty. According
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to the EPA’s eGRID database, Michigan has turned to be a net electricity
importer since 1997, importing constantly around 10 percent of total
consumption from 1999 to 2000. Although 2001 and 2002 data are not
available, the trend presumably continued also in 2002. If the net imported
amount were accurately known, that would increase the state’s CO, emissions
from the electricity sector.

Methodology

Carbon emissions from fossil fuels for 1990 and 2002 were calculated using
the EIIP guidelines and the State Inventory Tool (SIT). Consumption data that
were originally provided in physical units such as barrels and short tons were
converted to British thermal units (Btu) by factors supplied by the EIIP
guidelines and EIA.

After converting the state-level fuel consumption data to Btu, the total carbon
content for each fuel was calculated by multiplying the consumption of each
fuel type (in Btu) by a carbon content coefficient (C/Btu) provided by the EIIP
guidelines and the EIA’s Documentation for Emissions of Greenhouse Gases
in the United States 2002.%° Tt should be noted that these coefficients were
national averages and may not accurately represent the energy content of fuels
combusted in Michigan.

Some fuel types were used in part for non-fuel purposes (i.e. asphalt and road
oil) that would sequester the carbon for 20 years or more. To obtain the net
carbon available for immediate release, the percentage of stored carbon for the
specific non-fuel use was calculated for each fuel type. For the purpose of this
inventory, the non-fuel use amount was subtracted from total consumption
(for fuel use and non-fuel use) data to obtain a CO, amount immediately
released to the atmosphere.

Fuel use for non-energy purposes is another cause of uncertainty in emission
estimation. We used national figures as default values for the amount of non-
energy fuel use and percentage of carbon stored by fuel types. State-specific

data, if available, can reduce these uncertainties.

To account for fraction of carbon that did not oxidize immediately during
fossil fuel combustion, the EIIP guidelines as well as U.S. Greenhouse Gas
Emissions and Sinks 1990-2002, provided fraction estimate factors for each
given fuel type. The resulting fraction oxidized was multiplied by the tons of
carbon available and resulted in total oxidized carbon or CO,.
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Results

CO, emissions from fossil fuel combustion in the State of Michigan were
52.05 MMTCE in 2002, a 7.7 percent increase from 48.32 MMTCE in 1990
(Table 3-2). This increase is quite modest since it is less than half of the
national increase observed for the same period of time, 16.5 percent.”” A
likely explanation for the lower rate of emissions increase in Michigan
compared to the national emissions rate may be the difference in population
growth. Michigan’s population increased 7.9 percent over these 12 years
while the national population increased 15.4 percent during the same period of
time.” Another factor contributing to the state’s smaller increase in emissions
from fossil fuel combustion compared to the national rate is the ongoing shift
from coal to natural gas use in Michigan, which has reduced the carbon
intensity of Michigan energy production. It is also noteworthy for Michigan
that emissions from coal use decreased slightly (three percent) over these 12
years, while that for the United States increased substantially by 19 percent.

Trends in CO; emissions from fossil fuel combustion are influenced by many
long-term and short-term factors. According to the EPA, while the overall
demand for fossil fuels in the short term is subject to “changes in economic
conditions, energy prices, weather and the availability of non-fossil
alternatives”, longer-term changes tend to be more influenced by “aggregate
societal trends that affect the scale of consumption (e.g. population, number of
cars, and size of houses), the efficiency with which energy is used in
equipment (e.g., cars, power plants, steel mills, and light bulbs), and social
planning and consumer behavior.”*

The emission reduction of CO; from energy use can be achieved by not only
lowering total energy consumption, but also by lowering the carbon intensity
of fuels through fuel switching from coal to natural gas. This is because the
amount of carbon emitted from the combustion of fossil fuels is dependent
upon the carbon content of the fuel and the fraction of that carbon that is
oxidized. Fossil fuels vary in their average carbon content, ranging from about
31.90 Ibs C/MMBtu for natural gas at the low end to high carbon intensities of
61.40 Ibs C/MMBtu for coal and petroleum coke.” In general, the amount of
carbon per unit of energy (carbon intensity) is the highest for coal products,
followed by petroleum, and then natural gas. Even within fuel types, carbon
contents will vary: lower quality coal (such as lignite and sub-bituminous
coal) has a higher carbon coefficient with more carbon intensity. Producing a
unit of heat or electricity using natural gas instead of coal can reduce the CO,
emissions associated with energy consumption.

2 The calculation was based on population figures embedded in the SIT module: 9,310,462 for 1990 and
10,043,221 for 2002 in Michigan, and 294,464,396 for 1990 and 287,973,924 for 2002 in the U.S.
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It is noteworthy for Michigan that its CO, emissions from natural gas had a
higher share in the state’s total CO, emissions from fossil fuel combustion (27
percent) compared with that for the United States (21 percent) in both 1990
and 2002.*° At 921 billion cubic feet in 2002, Michigan was the sixth largest
natural gas consuming state, accounting for 4.3 percent of U.S.
consumption.”’ Approximately 40 percent of the natural gas consumed in
Michigan was used by the residential sector, mainly for home heating
purposes. In Michigan, over 78 percent of homes are heated with natural gas,
which trails only Utah and Illinois in terms of the percentage of households
with natural gas as the primary heating fuel.>* According to Michigan Public
Service Commission, Department of Consumer & Industry Services,
Michigan also ranks among the top 10 states in total natural gas consumption
by the commercial, industrial and electric generation sectors.”

Tables 3-2, 3-3, and 3-4 are the summaries of the CO, emissions and emission

intensity from the State of Michigan for 1990 and 2002.

Table 3-2: CO, Emissions from Fossil Fuel Combustion from Michigan by Fuel
Type and Sector for 1990 and 2002

1990 2002
Emissions Emissions Percent
(MMTCE) (MMTCE) Change
Residential Coal 0.03 0.02 -33.3%
Petroleum 0.99 1.14 15.2%
Natural Gas 4.92 547 11.2%
Total 5.94 6.63 11.6%
Commercial Coal 0.13 0.15 15.4%
Petroleum 0.39 0.32 -17.9%
Natural Gas 2.40 2.60 8.3%
Total 2.92 3.07 5.1%
Industrial Coal 2.24 1.15 -48.7%
Petroleum 1.99 1.83 -8.0%
Natural Gas 4.25 3.60 -15.3%
Total 8.48 6.58 -22.4%
Transportation Coal 0.00 0.00 0.0%
Petroleum 12.56 15.55 23.8%
Natural Gas 0.27 0.40 48.1%
Total 12.83 15.95 24.3%
Electric Utility Coal 16.96 17.48 3.1%
Petroleum 0.19 0.26 36.8%
Natural Gas 1.00 2.08 108.0%
Total 18.15 19.82 9.2%
Coal 19.36 18.80 -2.9%
g!cfgfs'use Petroleum  16.12 19.10 18.5%
Natural Gas 12.84 14.15 10.2%
Grand Total 48.32 52.05 7.7%
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Table 3-3: CO, Emissions from Fossil Fuel Combustion from Michigan by Fuel
Type and Sector for 1990 and 2002 (MMTCE)
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Figure 3-2: CO, Emissions from Fossil Fuel Combustion by Fuel Type for 1990
and 2002 (MMTCE)

Table 3-4: CO, Emission Intensity for Michigan by End-use Sector
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End-Use Sector Consumption

It can also be useful to view CO, emissions from economic sectors with
emissions related to electricity generation distributed into four end-use
categories: residential, commercial, industrial, and transportation. This allows
for allocation of emissions associated with electricity generation to economic
sectors based upon the sector’s share of state electricity consumption.*® This
method of distributing emissions, which is also employed in the Inventory of
U.S. Greenhouse Gas Emissions and Sinks, assumes that each sector
consumes electricity generated from an equally carbon-intensive mix of fuels
and other energy sources. In reality, however, sources of electricity vary
widely in carbon intensity. By giving equal carbon-intensity weight to each
sector’s electricity consumption, emissions attributed to one end-use sector
may be somewhat overestimated or underestimated.” Table 3-5 and Figures
3-3 to 3-6 summarize CO, emissions from direct fossil fuel combustion and
prorated electricity generation emissions from electricity consumption by end-
use sector.

The allocation of CO, emission from the electric utility sector to each of the
other end-use sectors may introduce another uncertainty. As was mentioned
above, distributing emissions based on the sector’s share of state electricity
consumption assumes that each sector consumes electricity generated from an
equally carbon-intensive mix of fuels and other energy sources. In reality,
however, sources of electricity vary widely in carbon intensity. By giving
equal carbon-intensity weight to each sector’s electricity consumption,
emissions attributed to one end-use sector may be somewhat overestimated or
underestimated.*® In addition, the unknown breakdown of “Other”, which is
assumed to be added to the commercial sector, increases uncertainty as well,
although the fraction is fairly small.
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Table 3-5: CO, Emissions from Fossil Fuel Combustion by End-Use Sector

End-Use Sector 1990 2002
Share by  Sectoral Share by Sectoral
% Share Sector w/  Share of % Share Sector w/ Share of

Sectoral Emissions  within Electricity Electricity | Emissions within  Electricity Electricity
Breakdown (MMTCE)  Sector Use Use (MMTCE)  Sector Use Use
Transportation 12.83 100.0% 26.6% 15.95 100.0% 30.6%

Combustion 12.83 100.0% 15.95 100.0%

Electricity 0.00 0.0% 0.0% 0.00 0.0% 0.0%
Industrial 16.21 100.0% 33.5% 12.87 100.0% 24.7%

Combustion 8.48 52.3% 6.58 51.1%

Electricity 7.73 47.7% 42.6% 6.29 48.9% 31.7%
Residential 11.52 100.0% 23.8% 12.97 100.0% 24.9%

Combustion 5.94 51.6% 6.63 51.1%

Electricity 5.58 48.4% 30.7% 6.34 48.9% 32.0%
Commercial 7.46 100.0% 15.4% 10.08 100.0% 19.4%

Combustion 2.92 39.1% 3.07 30.4%

Electricity 4.54 60.9% 25.0% 7.01 69.6% 35.4%
Others 0.30 100.0% 0.6% 0.18 100.0% 0.3%

Electricity 0.30 100.0% 1.7% 0.18 100.0% 0.9%
Total 48.32 100.0% 100.0% 52.05 100.0% 100.0%

Note: The “Others” category in the Table includes various uses to be attributed to different sectors.

According to EIA personnel’’, five percent of the “Others”, in general, is to be allocated for the
transportation sector and the remaining is to be for the commercial sector. However, the fraction to be
allocated for transportation is quite negligible for the State of Michigan (0.3 percent for 2002). In

addition, the “Others” category in the 1990 data seems to include the agricultural use of electricity’,

but the fraction is unknown. Taking account of the above, it would be reasonable to consider that this
portion can be added to the commercial sector. This approach is taken in Chapter 8.

® The agricultural use of electricity is currently counted under the “industrial” category
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Figure 3-3: CO Emissions from Fossil Fuel Combustion by End-Use Sector for
2002
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Figure 3-4: Breakdown of CO. Emissions from Combustion by End-Use Sector
for 1990
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Residential and Commercial End-Use Sectors

In 2002, CO; emissions from fossil fuel combustion and electricity use within
the residential and commercial end-use sectors were 12.97 MMTCE and 10.08
MMTCE, accounting for 25 percent and 19 percent respectively of the state
total (Table 3-5). While, in 1990, they were 11.52 MMTCE and 7.46 MMTCE
respectively, accounting for 24 percent and 15 percent of the state total. As
presented in Table 3-5 and Figures 3-5 and 3-6, both sectors were heavily
reliant on electricity for meeting energy needs. The electricity consumption
for lighting, heating, air conditioning, and operating appliances accounted for
49 percent of emissions from the residential and 70 percent from the
commercial sectors in 2002.

The remaining emissions were largely due to the direct consumption of
natural gas and petroleum products, primarily for heating and cooking needs.
It is noteworthy that the emissions from combustion were higher than that
from electricity for the residential sector for both 1990 and 2002 in Michigan,
whereas emissions from electricity have always taken a larger share in the
residential sector for the whole United States.” This might be due to the
climate conditions of Michigan™®, where there is higher natural gas
combustion occurring in winter for heating purposes. Emissions from natural
gas consumption represent over 80 percent of the direct (not including
electricity) fossil fuel emissions from the residential and commercial sectors
for both years. In terms of the U.S., the value is consistently around 70 percent.
In Michigan and throughout the Midwest, a much higher percentage of natural
gas is used as a winter heating fuel, compared with warmer climates in the
U.S., where natural gas is used primarily as a year-round industrial and
electric generation fuel.* Compared to natural gas, coal consumption was a
minor component of energy use in both of these end-use sectors.

According to the EPA, it seems to be a national trend that emissions from
these two end-use sectors have “increased steadily since 1990, unlike those
from the industrial sector, which experienced substantial reductions during the
economic downturns of 1991 and 2002.”* The EPA suggests that, in a shorter
term, the residential and commercial sectors are more subjective to weather
than to economic conditions. Considering this 12-year time period, however,
it is also possible that these sectors might be affected by other longer-term
factors suggested by the EPA in Inventory of U.S. Greenhouse Gas Emissions
and Sinks 1990-2002, such as population growth, regional migration trends,
and changes in housing and building attributes (e.g., size and insulation).”’

4 According to the Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2002, the share of emissions
from electricity use in the residential sector was 63 percent in 1990 and 68 percent in 2002 for the whole United
States.

® Average winter temperature (Dec-Feb) in Michigan from 1990 to 2002 was 23.48 deg F, while the average for the
United States for the same period of time was 34.63 deg F.
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However, as noted by the EIA, given that commercial activity is a factor of
the larger economy, emissions from the commercial sector in the long run are
more influenced by economic trends and less influenced by population growth
than are emissions from the residential sector.*’

From 1990 to 2002, electricity sales (in megawatt hours) to the residential and
commercial end-use sectors increased by 36 and 84 percent, respectively.*
Compared with such a big increase in electricity consumption from both
sectors, electricity-related emissions show a relatively lower increase for both
sectors (14 and 54 percent, respectively) as the decline in carbon intensity of
electricity generation outweighed the increase in electricity demand.

Industrial End-Use Sector

The industrial end-use sector is the only sector that showed a decrease in
greenhouse gas emissions from fossil fuel combustion for 1990 and 2002 in
the State of Michigan, unlike the federal trend for the sector that showed a
slight increase.” ** Emissions from this sector were 12.87 MMTCE in 2002,
accounting for 25 percent of the state’s CO, emissions from fossil fuel
combustion. This represents a decrease by 21 percent from 16.21 in 1990. The
industrial end-use sector accounted for 34 percent share of the state’s CO,
emissions in 1990 (Table 3-5).

According to the definition by the EPA, the industrial end-use sector includes
manufacturing, construction, and agriculture, of which the largest activity in
terms of energy consumption is manufacturing.” For Michigan, the largest
manufacturing industries, as measured by output, are transportation equipment
(auto parts, and auto and truck production), machinery, especially
metalworking machinery, and fabricated metal.*® For both years, slightly over
50 percent of these emissions resulted from the direct consumption of fossil
fuels for steam and process heat production. The remaining was associated
with the consumption of electricity for uses such as motors, electric furnaces,
ovens, and lighting.

As stated by the EPA, “in theory, emissions from the industrial end-use sector
should be highly correlated with economic growth and industrial output.”’
The reasons for the disparity between substantial growth in Gross State
Product (GSP)"* and the significant decrease in industrial emissions are not
clear. The EPA indicates on a national scale that possible factors that may
have influenced industrial emission trends are as follows: “1) more rapid

® The emissions from the industrial sector (both from fossil fuel combustion and electricity use) for the whole United
States increased approximately by 2 percent from 446.86 MMTCE in 1990 to 457.39 MMTCE.

" According to the Bureau of Economic Analysis in U.S. DOC, the Total Gross State Product in Michigan was
234,181 millions dollars in 1990 and 337,708 million dollars in 2002 (both in 2000 dollars). In Quality Indexes for
Real GSP with GSP in Year 2000 as 100.0, 1990 GSP was 71.8 and 2002 GSP was 99.9.
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growth in less energy-intensive industries than in traditional manufacturing
industries; 2) improvements in energy efficiency; and 3) a lowering of the
carbon intensity of fossil fuel consumption by fuel switching from coal and
coke to natural gas, etc.”® In addition, a nation-wide concern over
outsourcing jobs has been developed. It is suspected that the movement of
Michigan’s manufacturing facilities to foreign countries contributed to lower
CO, emissions from this sector in 2002.%3°

It should be noted that industry is the largest user of fossil fuels for non-
energy applications. Fossil fuels can be used for producing products such as
fertilizers, plastics, asphalt, or lubricants that can sequester or store carbon for
long periods of time. Asphalt used in road construction, for example, stores
carbon essentially indefinitely. Similarly, fossil fuels used in the manufacture
of materials like plastics can also store carbon, if the material is not burned.

Transportation End-Use Sector

CO, emissions from fossil fuel combustion for transportation in 2002 were
15.95 MMTCE, representing the largest share of CO, emissions from fossil
fuel combustion (Figures 3-3 and 3-5). In 1990, emissions from this sector
were 12.83 MMTCE, accounting for the second largest share of 27 percent
(Figures 3-4 and 3-6). This trend is quite similar to the national trend (32
percent for 2002 and 31 percent for 1990).”' Over these 12 years, the
emissions from this sector increased by 24 percent (Table 3-5). Like overall
energy demand, transportation fuel demand is a function of many short and
long-term factors. In the short term only minor adjustments can generally be
made through consumer behavior (e.g., not driving as far for summer
vacations). However, long-term adjustments such as vehicle purchase
choices, transport mode choice and access (i.e., trains versus planes), and
urban planning can have a significant impact on fuel demand.”

Since 1990, travel activity in the United States has grown more rapidly than
the population, with a 16 percent increase in vehicle miles traveled per
capita.” For Michigan, the increase is 14.5 percent™, slightly lower than the
national average. This increase is partly due to an increase in the number of
motor vehicles, which is significant for all vehicle types except automobiles.
It is noteworthy that the number of automobiles registered decreased during
these 12 years by 4.7 percent, but that the number for trucks (including
passenger vans/minivans and utility-type vehicles) increased by 75.6
percent.” An increase in the number of cars per person is also another
contributor of an increase in vehicle miles traveled (VMT) per capita. This

8 According to Detroit New Business (June 4, 2004), the study by Center for Automotive Research in Ann Arbor
shows “the state has lost 168,200 manufacturing jobs due largely to rising productivity” and “ that one in eight
manufacturing jobs lost since 2001 were due to outsourcing or competition from fast-growing countries like China
and India.
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increased from 0.77 for 1990 to 0.85 for 2002 for the State of Michigan.” *°
Furthermore, an increase in driving hours per capita could be another possible
factor to increase the state VMT, although we have not yet collected data that
could support this hypothesis. In addition to an increase in VMT, longer
commute times due to traffic congestion could be another factor to increase
fuel consumption. According to Michigan’s Transportation System by the
Road Information Program, the typical commuter in Michigan in 2002 spent
on average an additional 24 hours a year on the road than 10 years before. >’

Not only an increase in VMT, but the composition of vehicle types could also
be another factor that increased the state’s emissions from transportation. As
mentioned above, the sales of trucks, vans and utility-type vehicles
significantly increased over these 12 years, despite a slight decrease in the
sales of automobiles. The increasing dominance of vehicles with less fuel
efficiency can contribute higher emissions from this sector.

Electric Utility End-Use Sector

According to the EPA’s new definition, the electric power industry includes
all power producers, both regulated utilities and nonutilities (e.g. independent
power producers, qualifying cogenerators, and other small power producers).
The EPA includes the following definitions: “utilities primarily generate
power for the U.S. electric grid for sale to retail customers, while nonutilites
produce electricity for their own use to sell to large consumers, or to sell on
the wholesale electric market (e.g., to utilities for distribution and resale
customers).”®

The process of generating electricity is the single largest source of CO,
emissions in the State of Michigan as well as in the United States. As we have
seen, electricity is consumed primarily in the residential, commercial, and
industrial end-use sectors for lighting, heating, electric motors, appliances,
electronics, and air conditioning. Electricity generation also accounted for the
largest share of CO, emissions from fossil fuel combustion, 38 percent in both
1990 and 2002.

The inventory does not incorporate emissions from net electricity
import/export, which should contribute to calculation uncertainty. According
to the EPA’s eGRID database, Michigan has become a net electricity importer
since 1997, importing consistently around 10 percent of total consumption
from 1999 to 2000. Although 2001 and 2002 data are not available, if the
trend continued for 2002 it would increase the state’s CO, emissions from the
electricity sector by 10 percent.

® Per capita VMT was calculated by dividing all motor vehicles total by the State population.
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Electricity sales in the State of Michigan were 107,311 thousand megawatt-
hours (Mwh) in 2002, an increase of 30 percent from 82,367 thousand Mwh in
1990.” However, CO, emissions from this sector increased only nine percent
during the same period of time (Table 3-2). This lower rate of emission
increase compared with electricity consumption is partly due to the increased
shares of petroleum and natural gas in the fuel mix. Although coal is
consumed primarily by the electric power sector in Michigan (93 and 88
percent of total coal consumption in 2002 and 1990) as well as the whole
United States (Table 3-3) coal consumption for electricity generation
increased only by three percent over these 12 years (Table 3-2). On the other
hand, natural gas consumption for electricity generation, which accounted for
only I MMTCE in 1990, grew at a higher rate to 2.08 MMTCE in 2002
(Table 3-2).

3.2 Methane and Nitrous Oxide Emissions from Mobile Combustion

Although there is virtually no CHy in either gasoline or diesel fuel, CHy is
emitted as a combustion by-product. The production of CHy4 is influenced by
fuel composition, combustion conditions and efficiency, and any post-
combustion control of hydrocarbon emissions, such as catalytic converters.
According to the EPA, CH4 emissions would be higher especially in
aggressive driving, low speed operation, and cold start operation. Poorly tuned
highway vehicle engines may also increase CH4 emissions. For modern
highway vehicles equipped with a three-way closed loop catalyst, emissions
would be lowest when the right combination of hydrogen, carbon, and oxygen
is achieved for complete combustion. On the other hand, the formation of N,O
in internal combustion engines is not yet fully understood, due to a limited
amount of data on these emissions.®’ It is believed that N,O emissions come
from two distinct processes: first, during combustion in the cylinder, and
second, during catalytic aftertreatment of exhaust gases.’

Based on the EPA’s methodology, emissions from mobile combustion were
estimated by transport mode (e.g., highway and non-highway (air, rail,
marine), fuel type (e.g., motor gasoline, diesel fuel, jet fuel), and vehicle type
(e.g., passenger cars, light-duty trucks, motorcycles).** Road transport
accounted for more than 90 percent of mobile source fuel consumption, and
thus, the majority of mobile combustion emissions.

Required Data
CH4 and N,O emission estimates for highway vehicles are calculated from

two primary inputs: activity data (i.e., vehicle miles traveled (VMT)) and
emission factors. Although other factors (e.g., the breakdown of vehicle
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control technology, vehicle age, etc.) affect emission estimates, the
uncertainty associated with them has a much smaller impact on estimates than
the uncertainty related to the activity data and emission factors.*

Data for the road category were collected from Federal Highway
Administration’s Highway Statistics Summary to 1995°* and Highway
Statistics 2002.%° Data for the non-road category were collected from various
sources including EI4 Fuel Oil and Kerosene.®® Given that most of non-road
data are not compiled at the state level, estimates were derived from the
national consumption and sales data.

Emission estimates for non-highway sources are also driven by fuel
consumption data and emission factors. Given that state-specific fuel
consumption data for this category are not available, the data gathered at the
national level were apportioned to states based on state-specific sales data or
on a historical ratio, etc. This apportionment introduces some uncertainty.

Emission factors recommended by the EIIP were also taken from the IPCC®’,
and with significant uncertainties, since research has not been conducted fully
for emissions from these modes.”® The EIIP also cautions that technologies
and vehicle characteristics have changed since the factors were initially
developed, which may introduce additional uncertainties.”

The uncertainty related to emission factors is relatively high for mobile
combustion. According to the EIIP guidelines, most CH4 emission factors they
use were taken from IPCC’’, and were developed using EPA’s MOBILE3a,
which computes these factors based on inputs such as ambient temperature,
vehicle speeds, gasoline volatility, and other variables.”' The values for these
factors can change significantly, depending on driving conditions and vehicle
characteristics, etc. Emission factors for N,O were developed by the EPA,
using a variety of sources (described in U.S. Greenhouse Gas Emissions and
Sinks 1990-20027%), through a scaling process based on ratios of fuel
economy. This process also increases the level of uncertainty.”

Methodology

Emissions of CH4 and N,O from mobile sources were calculated for 1990 and
2002 from both road and non-road categories by using the EIIP guidelines and
the State Inventory Tool (SIT). Road sources were vehicles that travel
primarily on highways. Non-road sources included gasoline-fueled aircraft, jet
aircraft, farm, industrial and construction equipment, boats, and ships. Except
for gasoline-fueled aircraft, all of these non-road sources were typically
equipped with diesel engines.

30



MICHIGAN GREENHOUSE GAS INVENTORY 1990 AND 2002 3 - ENERGY

A methodology recommended by the EIIP guidelines apportions state VMT
totals among different vehicle types based on national averages instead of
state-specific data. As the guidelines point out, these percentages have
relatively low uncertainty at the national level, but the uncertainty increases
when applied at the state level because state-specific differences in consumer
preferences for vehicle types and a variety of social, legal, and economic
factors cannot be well captured.™

Results

From 1990 to 2002, mobile combustion had been responsible for less than one
percent of the state’s CH,4 emissions, but had been the second largest source of
N,O (23-24 percent) in the State of Michigan. Over these 12 years, CHy
emissions declined by 24 percent, from 47,087 MTCE to 35,575 MTCE
(Table 3-6), due largely to control technologies employed on highway
vehicles nationwide that reduce CO, NOx, non-methane volatile organic
compounds (NMVOC), and CH4 emissions. The same technologies, however,
resulted in higher N,O emissions, with only a four percent decrease from
503,738 MTCE to 483,549 MTCE in N,O emissions from mobile sources for
the same period of time (Table 3-7). Overall, CH4 and N,O emissions were
predominantly from gasoline-fueled passenger cars and light-duty gasoline
trucks (Figures 3-7 and 3-8).
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Table 3-6: CH4 Emissions from Mobile Sources for 1990 and 2002

* "Other" includes snowmobiles, small gasoline powered utility equipment, heavy-duty
gasoline powered utility equipment and heavy-duty diesel powered utility equipment
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Table 3-7: N,O Emissions from Mobile Combustion for 1990 and 2002

* "Other" includes snowmobiles, small gasoline powered utility equipment, heavy-
duty gasoline powered utility equipment and heavy-duty diesel powered utility
equipment
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Figure 3-7: CH4 Emissions from Mobile Combustion for 1990 and 2002
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Emissions from non-highway vehicles are a small portion of total emissions
from mobile sources, representing less than 10 percent of both CH4 emissions
and N,O emissions from mobile sources during 2002 and 1990. Given that
they comprise a small share of mobile source emissions, even large
uncertainties in these estimates will have a relatively small impact on the total
emission estimate for mobile sources.

3.3 Natural Gas and Oil Systems

Natural gas and oil systems are the second largest source of CH4 emissions in
the United States.” As previously mentioned, CH, has a global warming
potential of 21, which indicates that the gas’ ability to trap heat in the
atmosphere is 21 times greater than that of CO,.”® As a part of both natural
gas and oil systems, CHy4 is emitted throughout the processes of production,
storage, transportation, and distribution. Fugitive emissions occur during
normal production and maintenance processes and as a result of leaks in
distribution pipelines.

CH,4 emissions from natural gas systems occur during the following three
activities: processing, transmission, and distribution. During processing, liquid
constituents and condensate are removed before the natural gas is introduced
into transmission pipelines. Major sources of CH4 emissions include
compressor equipment and venting practices.

The natural gas transmission infrastructure is composed of large diameter,
high pressure pipelines that transport natural gas from production wells to
processing plants, storage facilities, and, eventually, to distribution companies
or large consumers. Along the length of transmission pipelines, compressor
stations maintain the pipeline pressure. The major sources of CH4 emissions
include pipeline leaks, system vents, and compressor station equipment.

Compared to the transmission infrastructure, natural gas distribution pipelines
are much smaller and are not as pressurized. As natural gas is transferred from
the transmission system to the distribution system, the pressure is reduced
before delivery to individual customers. The major sources of CH,4 emissions
include leaks from pipeline, meters, and regulators.

The majority of CH4 emissions from oil systems occur during crude oil
extraction, transportation, and storage. The geologic formations that contain
crude oil are often accompanied by natural gas. As oil is extracted from the
subsurface, the associated natural gas is separated and transferred via
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gathering pipelines to storage facilities. CH4 emissions result from leaks in
gathering pipeline, as well as venting and flaring activities. When crude oil is
stored before transport to refineries, the natural gas left in solution vaporizes
and is either vented directly to the atmosphere or collected in vapor recovery
units. In general, emissions from crude oil storage represent the major source
of CH; from oil systems.”’

Required Data

Required activity data include various characteristics of the natural gas
production, transportation, and distribution infrastructure. These types of
activity data are described in Table 3-8.

Table 3-8: Required Activity Data for Natural Gas Systems

Productlor_1 g Transmission Distribution
Processing

Number of wells Number of miles of transmission Number of miles of pipeline (cast

pipeline iron, unprotected steel, protected
steel, and plastic)

Number of Number of compressor stations Total number of services (customer

processing plants and storage compressor stations  connections)
Number of liquefied petroleum Number of steel services
gas storage stations (unprotected and protected)

Number of miles of gathering
pipeline

Data on the number of miles of gathering, transmission, and distribution
pipeline, as well as the number of services were obtained from the U.S.
Department of Transportation, Office of Pipeline Safety. The number of
natural gas processing plants was obtained from Oil and Gas Journal.”™"
Since it was not possible to locate any sources for the number of compressor
stations and storage compressor stations, these data were estimated following
EIIP guidelines. For both 1990 and 2002, the number of compressor stations
and the number of storage compressor stations were estimated by multiplying
the transmission pipeline mileage by 0.005975 and by 0.001357, respectively.
The Michigan Department of Environmental Quality indicated that the there
are no liquefied petroleum gas storage stations in the state.™

The required activity data for oil systems include the amount of crude oil
produced, refined, and transported. Oil production data were obtained from
the EIA. The amount of oil refined was estimated using EIIP guidance and the
amount of oil transported was assumed to equal the amount refined. A
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detailed discussion covering the calculation of oil refined activity data is
presented in Appendix F.

Methodology

The emissions calculation methodology for natural gas systems is
straightforward. Once the required activity data were obtained, they were
multiplied by the appropriate CH4 emission factor. These emission factors are
included in Appendix F. Finally, the CH4 emissions are converted to million
metric tons carbon equivalent.

Calculating CH4 emissions from oil systems was slightly more involved than
the natural gas system methodology. The default EIIP emission factors for
production, refining, and transportation were not developed from the same
source data. In order to match the default 2002 emission factors derived from
U.S. EPA data, emission factors were calculated separately for 1990 using
similar data from the U.S. EPA. Additional explanation of theses calculations
is included in Appendix F.

Results

In 2002, activities associated with extraction, storage, transmission, and
distribution of natural gas and oil emitted an estimated 1.31 MMTCE. This
represented an increase of 30 percent from 1990 emissions. Emissions in 1990
were 1.01 million MMTCE. The growth in emissions was primarily driven by
production and distribution activities in the natural gas sector. The number of
natural gas wells and the number of miles of distribution pipeline grew
substantially between 1990 and 2002, increasing CH4 emissions. Emissions
are summarized in Table 3-9.

Table 3-9: Summary of Natural Gas and Oil System Emissions (MMTCE)

Activity 1990 2002
Natural Gas 0.976 1.296
Production 0.03 0.11
Transmission 0.53 0.51
Distribution 0.42 0.67
Qil 0.0373 0.0177
Production 0.036 0.017
Refining 0.001 0.0007
Trans portation 0.0003 0.0001
TOTAL 1.014 1.313
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3.4 Methane and Nitrous Oxide Emissions from Stationary

Combustion

The EPA defines stationary combustion as “all fuel combustion activities
except those related to transportation (i.e. mobile combustion).”®" Other than
CO,, emissions from stationary combustion include the greenhouse gases such
as CH,4 and N,O and various other air pollutants, carbon monoxide (CO),
nitrogen oxides (NOx), and non-methane volatile organic compounds
(NMVOC), as the result of incomplete combustion.®* Emissions of these gases
from this source category are influenced by fuel characteristics, size and
vintage of equipment, combustion technology, pollution control equipment,
operation and maintenance practices, and surrounding environmental
conditions.*

N,O emissions from stationary combustion are “closely related to air-fuel
mixes and combustion temperatures, as well as the characteristics of any
pollution control equipment that is employed”. ** CH, emissions from this
source category are more a function of CHy4 content of the fuel and
combustion efficiency. Emissions of these gases may range several orders of
magnitude, much higher for facilities under poor maintenance and operation,
as wellge;s for those during start-up periods, when combustion efficiency is
lowest.

Required Data

The emissions of CH4 and N,O from stationary combustion depend on the
amount and type of fuel used, combustion technologies, and the type of
emission control. As the EIIP indicates, uncertainties exist in both the
emission factors and activity data used to calculate emission estimates.
Therefore, the more detailed information available on these factors related to
combustion activity will lower uncertainty in emission estimation.™

To calculate CH4 and N,O emissions from stationary combustion for 1990,
state-level fuel consumption data for five end-use categories (residential,
commercial, industrial, transportation and electric utilities) were collected
from the Department of Energy, Energy Information Administration (EIA)’s
consumption data®’. For uncertainties related to activity data, the EPA
identifies difficulties in calculating emissions from wood combustion and the
EIIP guidelines also state that the EIA State Energy Data does not fully

. 88
capture the amount of wood used in fireplaces, wood stoves, and campfires. ™
89
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Due to the timing of the research for this project, no comprehensive energy
data for Michigan in 2002 had been compiled by EIA. Therefore, the Annual
Coal Report 2002*° and Annual Natural Gas Report 2002°' were referred to as
data sources for coal and natural gas consumption figures. For petroleum-
based fuels and wood, the EIA’s historical consumption data for 1990-2001
were used to estimate values for 2002. Although we could obtain a very likely
figure for 2002 CH4 and N,O emissions from the estimation process, it should
be corrected in a future research when more accurate data are published by the
EIA.

The EPA states that “the uncertainties associated with the emission estimates
of CHy4 and N,O are greater than those associated with estimates of CO, from
fossil fuel combustion, which mainly rely on the carbon content of fuel
combusted.””* Inherent uncertainties for the emission factors of these gases
are mainly derived from the fact that they cover only a limited subset of
combustion conditions. In this inventory, the estimates of CH4 and N,O
emissions are based on fuel use multiplied by an aggregate emission factor for
different sectors, rather than taking account of combustion technology and
type of emission control.” However, because of “the combined difficulty in
obtaining specific combustion technology information and the relatively low
contribution of this source to a state’s total emissions”, the EIIP guidelines
support the IPCC Tier 1 approach (the methodology employed here) as a
recommended approach for a state’s inventory purpose.

Methodology

Emissions of CH4 and N,O from stationary combustion for 1990 and 2002
were calculated using the EIIP guidelines and the State Inventory Tool (SIT).
Consumption data that were originally provided in physical units such as
barrels and short tons were converted to British thermal units (Btu) by factors
supplied by the EIIP guidelines and EIA.

For some fuel types used in part for non-fuel purposes (i.e. asphalt and road
oil), the percentage of stored carbon for that non-fuel use was calculated for
each fuel type to obtain use the net carbon available for immediate release.
We subtracted the non-fuel amount from consumption data to obtain the CHy
and N,O amounts immediately released to the atmosphere.

Results

Overall, stationary combustion is a small source of CH4 and N,O in the State
of Michigan as well as in the United States. However, there have been some
interesting changes over the last 12 years. The economic sector that
contributed most to CH4 emissions was the residential sector, accounting for
more than half, or 51 percent for 2002 and 64 percent for 1990 (Table 3-10).
The second biggest contributor was the industrial sector, accounting for 29
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and 21 percent, respectively, for 2002 and 1990. The industrial sector was
followed by minor contributions from the commercial and electric utility
sectors. The higher CH,4 emission from the residential sector is mainly due to
this sectors’ relative dependency on wood (Table 3-10), which has a higher
emission factor for CH, compared with other fuels.'® Higher dependency on
wood made the emission intensity of this sector the highest among all
economic sectors despite its relatively small energy consumption (Table 3-11).

On the contrary, the emission shares by sector were different for N,O
emissions. For both years, the electric utility sector was by far the largest
emitter with over 60 percent of the state’s total N,O emissions from stationary
combustion, followed by the industrial, residential and commercial sectors
(Table 3-12). This is because the utility sector depends heavily on coal for
electricity generation, and coal has a higher emission factor for N,O compared
with other fuels (Table 3-13).

Emissions of CH4 were 0.061 MMTCE in 2002, showing a decrease of 34
percent from 0.0924 MMTCE in 1990 (Table 3-10) despite growing energy
consumption over these twelve years (Table 3-11). This decrease in CHy4
emissions was primarily due to less wood consumption in the residential
sector. N,O emissions decreased slightly, by four percent from 0.1256
MMTCE in 1990 to 0.1204 MMTCE in 2002 (Table 3-12). The largest source
of N>O emissions was coal combustion by electricity generators, which alone
accounted for over 60 percent of total N,O emissions from stationary
combustion in both years.

"% For CH, Emission Factors, see Appendix E.
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Table 3-10: CH4 Emissions from Stationary Combustion in Michigan for 1990

and 2002
1990 2002
% Change
Emissions Percent Emissions Percent in

(MTCE) Share (MTCE) Share Emissions

Residential Coal 2,300 3.9% 1,300 4.2% -43.5%
Residential Petroleum 3,100 5.2% 3,700 12.0% 19.4%
Residential Natural Gas 9,300 15.6% 10,300 33.3% 10.8%
Residential Wood 44,800 75.3% 15,600 50.5% -65.2%
Residential Total 59,500 64.4% 30,900 50.7% -48.1%
Commercial Coal 300 3.4% 300 3.9% 0.0%
Commercial Petroleum 1,200 13.6% 1,000 13.2% -16.7%
Commercial Natural Gas 4,500 51.1% 4,900 64.5% 8.9%
Commercial Wood 2,800 31.8% 1,400 18.4% -50.0%
Commercial Total 8,800 9.5% 7,600 12.5% -13.6%
Industrial Coal 5,100 25.9% 2,600 14.8% -49.0%
Industrial Petroleum 700 3.6% 600 3.4% -14.3%
Industrial Natural Gas 7,900 40.1% 6,700 38.1% -15.2%
Industrial Wood 6,000 30.5% 7,700 43.8% 28.3%
Industrial Total 19,700 21.3% 17,600 28.9% -10.7%
Utility Coal 3,800 86.4% 3,900 79.6% 2.6%
Utility Petroleum 200 4.5% 200 4.1% 0.0%
Utility Natural Gas 400 9.1% 800 16.3% 100.0%
Utility Wood 0 0.0% 0 0.0% 0.0%
Utility Total 4,400 4.8% 4,900 8.0% 11.4%
Total Coal 11,500 12.4% 8,100 13.3% -29.6%
Total Petroleum 5,200 5.6% 5,500 9.0% 5.8%
Total Natural Gas 22,100 23.9% 22,700 37.2% 2.7%
Total Wood 53,600 58.0% 24,700 40.5% -53.9%
Total Total 92,400 100.0% 61,000 100.0% -34.0%

Note: Percentage shares in block letters are sectoral shares, while those in italics are shares within each end-
use sector by fuel type.
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Table 3-11: CH4 Emission Intensity from Stationary Combustion in Michigan for

1990 and 2002
1990 2002
% Change
Emission Emission in
Consumption Intensity Consumption Intensity Emission
(Bbtu) (MTCE/Bbtu) (Bbtu) (MTCE/Bbtu) Intensity

Residential 423,848 0.1404 454,300 0.0680 -51.5%
Commercial 194,050 0.0453 204,495 0.0372 -18.0%
Industrial 480,647 0.0410 392,801 0.0448 9.3%
Utility 741,845 0.0059 836,167 0.0059 -1.2%
Total 1,840,390 0.0502 1,887,762 0.0323 -35.6%

Table 3-12: NoO Emissions from Stationary Combustion in Michigan for 1990

and 2002
1990 2002
% Change
Emissions Emissions Percent in

(MTCE) Percent Share.  (MTCE) Share Emissions

Residential Coal 200 1.4% 100 1.1% -50.0%
Residential Petroleum 2,700 18.8% 3,200 33.7% 18.5%
Residential Natural Gas 2,700 18.8% 3,100 32.6% 14.8%
Residential Wood 8,800 61.1% 3,100 32.6% -64.8%
Residential Total 14,400 11.5% 9,500 7.9% -34.0%
Commercial Coal 600 17.1% 700 21.2% 16.7%
Commercial Petroleum 1,000 28.6% 900 27.3% -10.0%
Commercial Natural Gas 1,300 37.1% 1,400 42.4% 7.7%
Commercial Wood 600 17.1% 300 9.1% -50.0%
Commercial Total 3,500 2.8% 3,300 2.7% -5.7%
Industrial Coal 10,600 38.0% 5,400 21.4% -49.1%
Industrial Petroleum 3,300 11.8% 2,700 10.7% -18.2%
Industrial Natural Gas 2,300 8.2% 2,000 7.9% -13.0%
Industrial Wood 11,700 41.9% 15,100 59.9% 29.1%
Industrial Total 27,900 22.2% 25,200 20.9% -9.7%
Utility Coal 78,700 98.6% 80,600 97.8% 2.4%
Utility Petroleum 500 0.6% 600 0.7% 20.0%
Utility Natural Gas 600 0.8% 1,200 1.5% 100.0%
Utility Wood 0 0.0% 0 0.0% 0.0%
Utility Total 79,800 63.5% 82,400 68.4% 3.3%
Total Coal 90,100 71.7% 86,800 72.1% -3.7%
Total Petroleum 7,500 6.0% 7,400 6.1% -1.3%
Total Natural Gas 6,900 5.5% 7,700 6.4% 11.6%
Total Wood 21,100 16.8% 18,500 15.4% -12.3%
Total Total 125,600 100.0% 120,400 100.0% -4.1%

Note: Percentage shares in block letters are sectoral shares, while those in italics are shares within

each end-use sector by fuel type.
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Table 3-13: N.O Emission Intensity from Stationary Combustion in Michigan for

1990 and 2002
1990 2002
% Change
Emission Emission in

Consumption Intensity Consumption Intensity Emission

(Bbtu) (MTCE/Bbtu) (Bbtu) (MTCE/Bbtu) Intensity
Residential 423,848 0.0340 454,300 0.0209 -38.4%
Commercial 194,050 0.0180 204,495 0.0161 -10.5%
Industrial 480,647 0.0580 392,801 0.0642 10.5%
Utility 741,845 0.1076 836,167 0.0985 -8.4%
Total 1,840,390 0.0682 1,887,762 0.0638 -6.5%

Residential Methane and Nitrous Oxide Emissions

CH4 emissions from the residential sector in 2002 were 0.0309 MMTCE,
decreasing 48 percent from 0.0595 MMTCE in 1990, despite a seven percent
increase in overall energy consumption in this sector over these 12 years
(Tables 3-10 and 3-11). This was mainly due to a 65 percent decrease in
emissions from wood consumption in this sector. Even with such a sharp
decrease in consumption, emissions from wood still accounted for the largest
share (51 percent) of the total emissions from this sector. In contrast, the
shares of emissions from petroleum and natural gas, which were 5 and 16
percent, respectively in 1990, increased to 12 and 33 percent. It is also
noteworthy that emissions from coal consumption decreased by 44 percent
during these 12 years. However, given the initial share of the emission had
already been small (four percent), this 44 percent decrease did not have a
major impact on the total CH4 emission from this sector. The trend for
Michigan was similar to that for the United States, where emissions from coal
and wood consumption also showed a large decrease during the same period
of time, 50 and 41 percent, respectively.” Although Michigan’s residential
sector showed slight increases in emissions from petroleum and natural gas
consumption, while those for the United States remained nearly unchanged”,
the sector achieved a much larger reduction in total emissions, compared with
the national trend, due to a large decrease in wood consumption.

The trend for N,O for this same period of time was similar to that for CHy,
indicating a sharp decrease in emissions from wood consumption (Table 3-12).
Emissions from coal consumption also decreased by 50 percent, but had a
much smaller impact on the total emissions, given the even smaller share of
the emissions from coal consumption compared with CH4. The N>O trend in
Michigan also resembled the national trend, but achieved a higher, almost
double, reduction.
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Commercial Methane and Nitrous Oxide Emissions

Despite a five percent increase in energy consumption (Table 3-11), CHy4
emission from this sector decreased 14 percent from 0.0088 MMTCE in 1990
to 0.0076 MMTCE in 2002. This is because of emission reductions from
petroleum and wood consumption (Table 3-10). The same trend could be
observed for N,O emissions, where the sharp decrease in emissions from
wood consumption by 50 percent contributed to a six percent reduction in this
sector (Table 3-12). However, the change in absolute amounts was very small,
from 0.0035 MMTCE in 1990 to 0.0033 MMTCE in 2002.

Industrial Methane and Nitrous Oxide Emissions

Unlike the residential and commercial sectors, CH4 emissions from wood
consumption in the industrial sector slightly increased by 0.0017 MMTCE
from 1990 to 2002. However, the sector as a whole achieved a total emission
reduction of 11 percent, largely due to a 49 percent emission reduction from
coal consumption as well as reductions from other types of fuel consumption
(Table 3-10). A similar scenario took place for N,O emissions from wood
consumption increased by 0.0034 MMTCE from 1990 to 2002, but the
reduced emissions from the other types of fuel consumption, notably from
coal, contributed to a total reduction of 10 percent for this sector in these 12
years (Table 3-12).

Electric Utility Methane and Nitrous Oxide Emissions

The share of CH4 emissions from the electric utility sector was small, eight
percent for 2002 and five percent for 1990 (Table 3-10). This was because the
sector did not depend on wood. On the other hand, the utility sector was the
largest contributor for N,O emissions, responsible for 68 percent for 2002 and
64 percent for 1990 — due to its higher coal dependency for power generation
(Table 3-12). The N,O emission from coal consumption in this sector was 98
and 99 percent in 2002 and 1990, respectively.
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4.

Industrial Processes

Industry emits greenhouse gases in two basic ways: through the combustion of
fossil fuels for energy production and through a variety of raw material
transformation and production processes. The emissions associated with fossil
fuel combustion have already been accounted for and discussed in the
previous energy section, Chapter 3.1: Carbon Dioxide Emissions from Fossil
Fuel Combustion. This section of the report will focus on the various
industrial processes that are major contributors of greenhouse gas emissions.
The specific sources of emissions are as follows:

= Jron and Steel Production

=  Cement Manufacture

= Lime Manufacture

= Limestone and Dolomite Use

= Nitric Acid Production

= Adipic Acid Production

= (Ozone Depleting Substances Substitution
=  Semiconductor Manufacture

=  Magnesium Production

= Electric Power Transmission and Distribution Systems
=  HCFC-22 Production

=  Aluminum Production

In addition to contributing to carbon dioxide (CO;), methane (CHy), and nitrous
oxide (N,O) emissions, certain industrial processes are major sources of emissions
of GHGs with high global warming potentials. These gasses include sulfur
hexafluoride (SF), perfluorocarbons (PFCs), and hydrofluorocarbons (HFCs).

Research revealed that a number of industrial processes that have the potential for
contributing significant amounts of greenhouse gases do not actually occur in
Michigan and emissions calculations were not needed. These industries are: nitric
acid production, adipic acid production, HCFC-22 production, and aluminum
production.

The general methodology to estimate industrial process greenhouse gas emissions
involves multiplying production data for each process by an emission factor per
unit production. The emission factors used were either derived using calculations
that assume precise and efficient chemical reactions or were based upon empirical
data in published references.
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4.1 Emissions Summary

Over the period of 1990 to 2002, Michigan’s industrial process greenhouse
emissions increased to 3.04 million metric tons carbon equivalent (MMTCE) in
2002 from 1.77 MMTCE in 1990, an increase of approximately 72 percent. A
summary of all industrial process emissions is presented as Table 4-1. The iron
and steel sector was the largest emitter in both 1990 and 2002. In 2002, CO,
emissions increased to 1.08 MMTCE, nearly a 66 percent increase over 1990
emissions. Iron and steel CH4 emissions decreased to 0.022 MMTCE, a decrease
of 6.8 percent from 1990 levels. In 1990, this sector contributed emissions of CO,
on the order of 0.65 MMTCE and CH4 emissions totaling 0.024 MMTCE. Figure
4-1 presents industrial process CO, and CH,4 emissions.
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Table 4-1: Summary of Industrial Process Greenhouse Gas Emissions: 1990
and 2002 (MTCE)
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Figure 4-1: Michigan Industrial Process CO,and CH4 Emissions: 1990 and 2002

In regards to SF¢, PFC, and HFC emissions, the magnesium casting sector
witnessed a large emissions increase from 1990 and 2002. Specifically, emissions
grew to 0.138 MMTCE in 200 from 0.050 MMTCE in 1990, a 175 percent
increase. In the mid-1990s, a new major magnesium processing and casting
facility began operations. The new facility significantly increased the amount of
magnesium being processed and cast in Michigan, which is reflected in the large
growth of emissions. All of Michigan’s major magnesium facilities are partners in
the U.S. EPA’s voluntary SF¢ reduction program, which has been successful in
reducing the greenhouse gas intensity of the industry.

A large increase of emissions was also noted due to the substitution of ozone
depleting substances (ODS). In 2002, emissions from ODS substitutes had
increased to 0.867 MMTCE, an increase of over 25,000 percent from 1990
emissions of 0.003 MMTCE. These values are not based on data specific to
Michigan, but are instead estimated from national trends. Even though these
emission estimates are based on national data, they still reflect the increasingly
widespread use of HFCs and PFCs in refrigeration, cooling, and other industrial
applications. Additionally, it is important to note the large increase in emissions
from ODS substitution because HFCs and PFCs are powerful GHGs, with large
global warming potentials. A summary of the industrial processes contributing to
SF¢, PFC, and HFC emissions is presented as Figure 4-2.
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Figure 4-2: Michigan Industrial Process SFs, HFC, and PFC Emissions: 1990
and 2002

CO; represents the largest contributor to Michigan’s non-fuel greenhouse gas from
industrial processes. Although this was especially true in 1990, the distribution of
relative contribution underwent change by 2002. As shown by Figures 4-3 and 4-
4, the relative contribution of CO; in 2002 was 62 percent, a substantial decrease
from the contribution of 82 percent in 1990. The main factor influencing this
change was the tremendous increase in use of HFCs and PFCs for replacement of
ODS. The contribution of HFCs and PFCs increased to 28 percent in 2002, up
from just slightly over 0.19 percent in 1990.

The contribution of SF¢ decreased from 1990 to 2002. In 2002, SF¢ contributed to
9 percent of industrial emissions, down by 17 percent from 1990. Due in large part
to increases in CO,, HFC, and PFC emissions, the contraction of the emissions
share of SF¢ was also influenced by the voluntary reduction programs in the
magnesium casting and electric power distribution and transmission sectors. As
previously mentioned, SF¢ emissions from the electric power transmission and
distribution sector may be larger than the calculations indicate for 2002. If this
were the case, SF¢ emissions would represent a larger share of the overall
emissions.
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4.2 Greenhouse Gas Intensity Analysis

Greenhouse gas intensity values remained relatively constant between 1990 and
2002 and are summarized in Table 4-2. The only exceptions were the sectors of
pig iron production, magnesium production, and electric power transmission and
distribution. In the case of pig iron production, the greenhouse gas intensity value
in 2002 of 0.365 MTCE/metric ton of pig iron produced is more than double that
of the 1990 value, 0.127 MTCE/metric ton pig iron produced. The reason for this
is that in 2002 production of pig iron had declined, while the consumption of coal
at coke plants had nearly doubled since 1990. Since the amount of coking coal
consumed at coke plants was used to calculate emissions from pig iron production,
the rise in emissions was reflected in the intensity value for 2002.

Conversely, the greenhouse gas intensity values for the magnesium casting, and
electric power transmission and distribution sectors have declined over the same
period. The U.S. EPA has created voluntary SF¢ emission reduction programs for
both sectors and the effects of these programs are evident in the decrease of
intensity values. The reduction program for the electricity transmission and
distribution sector aims to replace SF¢ with other electrical insulators, while the
magnesium sector reduction program focuses on finding substitute cover gases to
replace SFg,

The effects of voluntary emission reduction programs are significant. By 2002, the
annual amount of magnesium cast had increased to 26,41 Imetric tons, up from
1,874 metric tons in 1990. In the same time period, SF¢ emissions increased only
to 137,721 MTCE from 50,082 MTCE. Consequently, the GHG intensity values
decrease from 26.72 MTCE/metric ton Mg cast in 1990 to 5.21 MTCE/metric ton
Mg cast in 2002. It should be noted that all of the Michigan firms contacted for
magnesium casting data are members of the magnesium industry SF¢ reduction
program.

In the case of the electric power transmission and distribution sector, calculated
SF¢ emissions totaled 122,415 MTCE in 2002, compared to 241,816 MTCE in
1990. At the same time, electricity consumption increased to 107,311 million
kilowatt-hours (kWh) from 82,367 million kWh in 2002 and 1990, respectively.
As previously mentioned, there is one caveat: it may or may not be the case that
Michigan’s electricity generators have made the efforts to reduce SF¢ emissions
from their transmission and distribution infrastructure. Michigan’s emissions in
this category were calculated based on the ratio of state and national population
and national SF¢ emissions. The reduction of Michigan’s SF¢ emissions and GHG
intensity were expected to follow the national trend.
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Table 4-2: Summary of Industrial Process Greenhouse Gas Intensity Values
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4.3 Industrial Process Emissions Description

Iron and Steel

The production of raw steel begins with heating iron ore in the presence of a
reducing agent, usually metallurgical coal coke, to produce pig iron. The majority
of CO; emissions from iron and steel production occur when metallurgical coke is
oxidized during the production of pig iron. Metallurgical coke is produced by
carbonizing coking coal. During this process, coal is heated in the absence of air,
which removes moisture and volatile organic constituents. Coking operations also
produce carbon byproducts of coke oven gas, which is burned as fuel by the
coking plant, and coal tar.

Steel is produced by heating pig iron, scrap steel or iron, and alloying elements in
a furnace. This process removes much of the carbon contained in pig iron, which
results in CO, emissions.

Required Data

The activity data required to calculate iron and steel emissions include the
amount of coal consumed for coal coke production at Michigan coking plants
and the amount of raw steel, pig iron, and electric arc furnace steel produced
in Michigan. The amounts of pig iron and electric arc furnace steel produced
were not available for Michigan. Therefore, these data were estimated based
on national data. A more detailed description of the estimation methods is
presented in Appendix G. Additionally, the amounts of scrap pig iron and
scrap steel consumed were required for emissions calculations.

Except for the emission factors for coking coal, which were back calculated based
on EIA data, all emission factors were obtained from the U.S. EPA.

Methodology

Since the SIT modules do not include calculations for emissions from the iron and
steel industry, a separate methodology had to be pursued. Calculation
methodologies from both the U.S. EPA and the IPCC were evaluated for
applicability to Michigan. It was discovered that although the U.S. EPA
methodology provides a more complete accounting of emissions, the
Intergovernmental Panel on Climate Change (IPCC) methodology was a better fit
for the available data. Use of the U.S. EPA methodology would have necessitated
numerous estimations of Michigan data, based only on national trends. For
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example, the amount of metallurgical coke imported and exported from Michigan
was not available.

However, when possible, certain portions of the U.S. EPA methodology were
incorporated into the approach used for Michigan. For instance, the U.S. EPA’s
practice of accounting for the release of CO, from scrap steel and scrap pig iron
consumption was used in the emissions calculations. This practice included the
assumption that the entire carbon content of the scrap steel and scrap pig iron is
released on combustion. Also, the U.S. EPA methodology includes CH4 emission
factors for coking operations and pig iron production, whereas the [IPCC
methodology does not.

Results

The increase in total greenhouse emissions from the iron and steel sector was
driven by the significant increase in coal consumed at coking plants. Although the
production of both pig iron and steel decreased between 1990 and 2002, coking
plants consumed nearly twice the amount of coal in 2002, which is reflected in the
near doubling of emissions from the sector. Greenhouse gas emissions from the
iron and steel sector totaled 1.10 MMTCE in 2002 and 0.676 MMTCE in 1990.

Cement Manufacture

Cement manufacture, an energy and raw material intensive process, is one of
the largest sources of industrial CO, emissions in the U.S. Cement is produced
by combining clinker with gypsum. Clinker production begins in a cement
kiln, where limestone (calcium carbonate, CaCO3) is heated at a temperature
of about 2,400° F to form lime (calcium oxide, CaO) and CO,. This process,
known as calcination, is responsible for CO, emissions. Calcination is
represented by the following equation:

CaCO, + heat — CaO + CO,

After calcining, the lime is mixed with silica-containing materials to produce
clinker. After cooling, clinker is mixed with a small amount of gypsum and is
used to make Portland cement. The production of masonry cement requires
mixing Portland cement with additional lime, which results in additional CO,
emissions.

Required Data

In order to calculate CO, emissions from cement manufacture, activity data
for annual clinker and masonry cement production are required. Both types of
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data were obtained from USGS sources, including the 1990 and 2002
Minerals Yearbook.”

Methodology

In order to calculate the CO, emissions from clinker production, the emission
factor for clinker was multiplied by the total annual clinker production. After
the calcination process is complete, the cement kiln typically contains
remnants of non-, partially, and fully-calcinated material, known as cement
kiln dust (CKD). The calcinated portions of CKD are not accounted for in the
clinker emissions calculations. Accordingly, the [PCC recommended
methodology states that the CO, emissions due to CKD are approximately 2
percent of the total clinker production emissions.

Since additional lime is required for the production of masonry cement, an
emission factor for masonry cement was multiplied by the total annual
masonry cement production. The sum of emissions from the clinker, CKD,
and masonry cement categories represents the total CO, emissions for the
cement industry.

Results

In 2002, CO, emissions from cement manufacture were 0.577 MMTCE, a 7
percent decrease from 1990 emissions. In 1990, CO, emissions totaled 0.620
MMTCE. The emissions decrease is a result of a modest drop in clinker
production from 4.39 million metric tons in 1990 to 4.08 million metric tons in
2002.

Lime Manufacture

The term “lime” refers to six types of chemicals produced by calcining
calcinic or dolomitic limestone. These include quicklime (CaO), hydrated
quicklime (Ca(OH),), dolomitic quicklime (CaOMgO), and dolomitic hydrate
(Ca(OH);MgO and Ca(OH),(MgO),), and dead-burned dolomite. Lime is
used in a variety of applications, including steel making, flue gas
desulfurization, water purification, construction, and pulp and paper
manufacturing.

The production of lime involves three main steps: stone preparation,
calcination, and hydration. Like the initial step of cement production,
calcining limestone, or a mixture of limestone and magnesium carbonate in a
kiln produces lime. This process produces quicklime (CaO), and CO,. The
CaO can either remain as is or undergo the process of slaking, which produces
hydrated lime.
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Required Data

In order to calculate the greenhouse gas emissions from lime manufacture it
was necessary to collect annual production data for the following: high-
calcium quicklime and hydrated lime; dolomitic quicklime and hydrated lime;
and dead-burned dolomite. When available, production data were obtained
from the USGS’ Minerals Yearbook.”

Methodology

The basic calculation methodology for lime manufacture involves multiplying
the amounts of high-calcium and dolomitic produced by their respective
emission factors. Since the USGS only reports total quicklime and hydrated
lime production for individual states, to account for the high calcium and
dolomitic lime production it was necessary to disaggregate the Michigan lime
data based on the distribution of national production.

Additionally, Michigan’s total lime production for 2002 was not available.
Instead, the value was estimated from a linear trend analysis of 1988 — 1999
production data.

Since water comprises a portion of hydrated lime it is necessary to correct for
this fraction, which does not produce any CO,. In order to correct for the
water portion of hydrated lime, a water content percentage is applied to the
annual hydrated lime production. The SIT uses water contents of 27 percent
and 24 percent for high-calcium quicklime and dolomitic quicklime,
respectively.'®

Results

CO, emissions from lime manufacture increased from 1990 and 2002. In
2002, emissions were 0.179 MMTCE, while 1990 emissions were 0.117
MMTCE. This represents an increase of approximately 53 percent, which was
driven by a rise in quicklime production. Conversely, the amount of hydrated
lime produced in the state decreased between 1990 and 2002. Since hydrated
lime production is a small fraction of the state’s overall lime manufacture, the
drop in production did not significantly affect CO, emissions.

Limestone and Dolomite Use

In addition to use as feedstocks for lime production, limestone and dolomite
are used in a wide range of industries. These include construction, agriculture,
metallurgy, pollution control, glass manufacturing, and chemical
manufacturing. CO, emissions occur once either limestone or dolomite is
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heated sufficiently, as in the case of flue gas desulfurization and use as a flux
in metallurgical furnaces.

Required Data

The required data include limestone and dolomite consumed for flux stone,
chemical stone, glass making, and flue gas desulfurization. These data were
obtained from the USGS’ Minerals Yearbook.

Methodology

The basic method for calculating emissions involves multiplying the amount
of limestone and dolomite consumed by the average carbon content for each
type of stone. Assuming that all of this carbon is oxidized and released into
the atmosphere as CO,, the appropriate emission factor was then multiplied by
the total annual amount of flux stone, chemical stone, glass making, and flue
gas desulfurization consumed to calculate emissions.

Unfortunately, state-level data are not disaggregated into the required
industrial sectors of limestone and dolomite use. It became necessary to apply
national consumption patterns to the total amounts of limestone and dolomite
used in Michigan.

Results

In 2002, the amount of CO, emitted from the use of limestone and dolomite
had decreased to 0.028 MMTCE, a decrease of approximately 34 percent from
1990 emissions of 0.043 MMTCE. Although the total use of limestone and
dolomite did not decrease in Michigan, the fraction of national consumption
for industrial uses did decline from 1990 to 2002. The decrease in Michigan
emissions reflected this national trend.

Soda Ash Consumption

Soda ash (sodium carbonate, Na>COs) is consumed primarily in glass, alkali
chemical, and soap and detergent production and is used for water treatment
and flue gas desulphurization. CO, emissions can occur from soda ash
consumption and production of natural soda ash. Since soda ash is not
produced in Michigan, only soda ash consumption is considered to be a source
of emissions. For every mole of soda ash consumed in these uses, one mole of
CO, is evolved.
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Required Data

In order to calculate CO, emissions from soda ash consumption, state level
soda ash consumption data are required. When these data are not available,
national soda ash consumption data and national and Michigan population
estimates are needed. National soda ash c